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A B S T R A C T
Rationale: The objective of this study was to ascertain the accuracy of clinical reports to determine the
seizure frequency in children diagnosed with epilepsy.
Methods: We reviewed the clinical record of 78 children (January–May of 2006) admitted to the EEG–
video monitoring with epilepsy diagnosis. Clinical reports of parents and the ﬁles of EEG–video
monitoring were reviewed to determine parents’ awareness for seizures.
Results: During video–EEG monitoring, 1244 were recorded on 78 children. Seizures were conﬁrmed in
1095 of which 472 were correctly reported (38%) by parents whereas 623 remained under-reported
(50%). Parents’ report thus had a sensitivity of 43%, positive predictive value of 76% to identify seizures.
Based on the EEG–video monitoring, seizures were reported accurately in 22 (28%) and under-reported
in 38 (49%) children. In the under-reported group, none of the seizures were recognized in 10 (13%), only
a portion identiﬁed in 28 children. The parents’ report describing seizure frequency has limited value for
young children (p = 0.01) and children with absence seizures (p = 0.03). However, clinical reports were
accurate for the children with developmental delay (p < 0.06) or not being on any anticonvulsant drug
(AED) therapy (p = 0.02).
Conclusion: Our results indicate that a signiﬁcant number of seizures remain under-reported by parents
of children with epilepsy. The current study underscores that the seizure frequency should be
interpreted with caution for young children and children with absence seizures. Video–EEG recording
has a complimentary role to the clinical observation for the accurate assessment of seizure frequency in
children.
 2009 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at ScienceDirect
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The management of epilepsy should aim to achieve seizure
control, and improve the quality of life for the individuals
diagnosed with epilepsy. An accurate appraisal of seizure
frequency is key to optimizing treatment and improving clinical
outcome. Physicians mostly rely on the patients’ or caregiver’s
reports to determine the seizure frequency.1 Caregiver’s report is
the sole source of information in some cases, especially those
affecting young or disabled children. Studies in adult note that self-
report of seizures is of limited value in patients with TLE.1–3
However the factors compromising the accuracy of seizure reports
by the parents or other caregivers remain to be determined.
The advent of video–EEGmonitoring and its introduction to the
clinical practice has enhanced our ability to diagnose seizures and* Corresponding author at: Texas Children’s Hospital, 6621 Fannin Street, CC
1250, Houston, TX 77030, USA. Tel.: +1 832 822 1750; fax: +1 832 822 1717.
E-mail address: akman@bcm.tmc.edu (C.I. Akman).
1059-1311/$ – see front matter  2009 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2009.05.009differentiate them from other clinical events. This is especially
important for young children and infants, for whom clinical
observation and interictal EEG ﬁndings may not reliably classify
the seizures and establish the diagnosis of epilepsy syndrome
based on the criteria described by International League Against
Epilepsy (ILAE).4
In this study, we set out to assess the caregiver’s (usually
parent) awareness of seizures and the clinical variables inﬂuencing
the accuracy of caregiver report of seizures in a tertiary care center.
We also examined the role video–EEG monitoring to identify
seizures and their frequency for children.
2. Methods
2.1. Patients
This retrospective study was designed to review the clinical
reports of children who were electively admitted to the Pediatric
Epilepsy Monitoring Unit between January and May 2006. The
seizures and other clinical events reported by parents andvier Ltd. All rights reserved.
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Institutional Review Board.
Inclusion criteria included age between 1 month and 18 years,
diagnosis of epilepsy and report of at least one clinical event at
the time video–EEG monitoring. The children whose records were
not available or hospital admission required emergently were
excluded from the study.
A total of 137 consecutive children were admitted to the EEG–
video monitoring during this time period of which 78 (31 girls and
47 boys) met the inclusion criteria. Among 78 children, 5 were
infants (age 1 year), 23 were at pre-school age (age 13 months
and 4 years), 25 at school age (age 5 and 12 years) and 25 at
adolescent age (age 13 years). Clinical information including
gender, age onset of seizure, etiology, the seizure history including
seizure types of AED used for the treatment, underlying etiology,
and neuroimaging ﬁndings were reviewed. The type of seizure(s)
and epilepsy syndrome(s) were classiﬁed according to criteria
outlined by the International League Against Epilepsy.5
Information on the child’s neurological development was
obtained from the chart review. Developmental delay was deﬁned
as failure to meet expected developmental milestones in one or
more of the following areas: gross motor, ﬁne motor, cognition,
emotional, speech and language and daily living skills. Global
developmental delay was considered if the delay was reported in
three or more areas.
2.2. Video–EEG monitoring
EEG recording was obtained with electrodes placement
according to the 10–20 international electrode system. Addition-
ally, if appropriate, inferior temporal electrodes (F9, T9, P9, F10,
T10, and P10) were placed. EEG activity was digitally recorded
referentially to P1/P2 or A1/A2 electrodes. Scalp EEG–video
recordings were obtained using a XLTEK digital system (XLTEK1
Inc., Ontario, Canada). Throughout the monitoring, a specially
trained nurse was available for detailed ictal and postictal
neurological testing.
Instructions were given to the parents routinely at the time of
the admission for EEG–video monitoring. Parents were asked to
observe their child closely during the entire monitoring period and
press the event button to report the habitual seizures or suspected
events.
AED dosages were not changed throughout the recording
except for the children who were admitted for pre-surgical
evaluation to capture their habitual seizures. Chart review
revealed that AED reduction was applied systematically during
the admission, and did not exceed 20% of the total daily dose.
Pre-surgical evaluations were considered by the referring or
treating physicians based on the clinical features and underlying
etiology of the epilepsy diagnosis in order to (i) identify the
topography of the ictal onset, (ii) examine the clinical features of
seizures for localization, (iii) perform an ictal and interictal
SPECT scan.
The entire EEG ﬁle and video recording of the each seizure/
marked event was reviewed by a board certiﬁed epileptologists
who were assigned for epilepsy monitoring unit at the time of the
study. The events and seizures captured on EEG and video
monitoring were clipped and saved as part of routine procedure.
The authors (MM and CIA) reviewed these clips of EEG and video
ﬁles, patients record and EEG reports for clinical information and
medication changes at the time of the admission.
2.3. Classiﬁcation of clinical events and seizures
The study was carried out in two steps. First, the EEG–video
recording of all pushed button events was reviewed to determinethe accompanying clinical features and EEG characteristics. Based
on this information, each event was classiﬁed as a ‘‘seizure’’ or a
non-seizure event or paroxysmal event (PE). If the clinical features
suggested a PE other than a seizure (i.e. tics, dystonia, myoclonus,
etc.), the report was labeled as an ‘‘over-report’’.
Secondly, every recorded seizure on EEG–video monitoring
was reviewed to examine parent’s awareness whether or not the
seizure was reported by parents using event button. This
information was recorded for each speciﬁc seizure type (i.e. IS,
CPS, absence, tonic,myoclonic, GTC seizures) to estimate accuracy
of report based on the comparison between the EEG–video
recording and clinical observation by the parents. If there was a
concordance between the clinical report and EEG ﬁndings,
seizures were labeled as ‘‘accurately identiﬁed’’. If the seizures
captured on EEG–video recording and not reported by parents,
seizures were labeled as ‘‘under-reported’’. If none of the seizures
were reported by the parents, theywere considered as ‘‘missed’’, if
a portion of seizures was reported, the seizures were accepted as
‘‘partially-identiﬁed’’.
2.4. Statistical analysis
Data was analyzed using commercially available statistical
software (SPSS version 11.0; SPSS Inc., Chicago, IL). The outcome
of interest was accurate identiﬁcation of seizures via caregiver
report during video–EEG recording. Univariate analyses was
conducted to identify signiﬁcant association between categorical
variables and the presence of accurate seizure report using x2
analyses and the Fischer exact test when appropriate (p < 0.05).
Logistic regression analyses were carried out using a back-step
elimination maximum likelihood method to identify covariates
that were independently associated with accuracy of caregiver
report. Variables evaluated in the initial model included child’s
age, age of seizure onset, gender, developmental (global) delay,
infantile spasms and complex partial seizures. Variables were
included in the model if they were associated with accurate
caregiver report (p  0.2). Absence seizures category was not
included in the ﬁnal model because of the lack of variability, as




Mean age of the children at the time of the study and seizure
onset was 8.36  5.6 years (range: 12 months to 18 years) and
3.01  4.0 years (range: 2 months to 15 years). The diagnosis of
idiopathic epilepsy was established in 11 (14%) children (i.e.
childhood absence epilepsy in 7, juvenile myoclonic epilepsy in 1,
benign occipital epilepsy in 1, focal epilepsy with centro-temporal
spikes in 2), cryptogenic epilepsy in 23 (29.5%) and symptomatic
epilepsy in 44 (56.4%). The underlying factors for etiology included
CNS complications during the perinatal period in 16, clinical genetic
syndromes in 7, cortical maldevelopment in 6, encephalitis in 4,
inborn error of metabolism in 3, stroke in 2, head trauma in 2, brain
tumor, hydrocephalus, mesial temporal sclerosis and prenatal stroke
in one for each.
Prior to the hospital admission for EEG–video monitoring,
seizure frequency was reported as daily in 39 (50%); weekly in 23
(29.4%); monthly in 10 children (12.8%). Parents of 6 children
reported no apparent seizures prior to the hospital admission
(7.7%). Nearly all childrenwere on AED treatment at the time of the
study except for ﬁve children. Normal neurological development
was reported in 20 children (26%), developmental delay in 58 (74%)
of which global DD was diagnosed in 20.
Fig. 1. Accuracy of parental seizure report in children with epilepsy (n = 1244
events).
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The number of pushed button events per patient ranged from 1
to 150 (mean = 15.8  27). The total number of seizures and PE
recorded at the time of the admission was 1244. Among those, 1095
were identiﬁed as seizure based on the ﬁndings of EEG/video
recording from 60 children (60/78, 76%). The seizure types which
were captured included complex/simple partial seizures (n: 414,
37%), absence seizures (n: 372, 34%), infantile spasms (n: 189, 17%),
tonic seizures (n: 65, 5.9%), myoclonic (n: 46, 4.2%), atonic (n: 5,
0.45%) and generalized tonic–clonic seizures (n: 4, 0.3%). Only 472
seizures were identiﬁed and reported correctly by the parent(s)
which were conﬁrmed by the EEG recording; whereas 623 seizures
remained under-reported. Parents reported 149 events as seizures
received the diagnosis of PE (sensitivity = 43.1%, positive predictive
value = 76%; Fig. 1).
3.2.1. Clinical characteristics of the groups
In 22 children (22/78, 28%), seizures were accurately identiﬁed
and reported by the parents (Table 1). Most of the children hadTable 1
Clinical characteristics of children with epilepsy.
Accurately reported (n: 22) Un
Pa
Age, years (mean  S.D.) 9.3  6 7
Age groups, n (%)
Infancy 3 (13) 0
Pre-school age 2 (9) 11
School age 8 (36) 8
Adolescent 9 (40) 9
Seizure onset, years (mean  S.D.) 2.8  4.4 3
Normal development, n (%) 5 (22) 6
Global developmental delay, n (%) 8 (36) 13
Epilepsy syndrome, n (%)
Idiopathic 5 (22) 13
Cryotpgenic 2 (9) 2
Symptomatic 15 (68) 13
Seizure type, n (%)
CPS 12 (54) 13
IS 3 (13) 3
Absence 0 7
AED treatment, n (%)
Yes 18 (81) 27
No 4 (18) 1
CPS: complex partial seizure; IS: infantile spasm; AED: antiepileptic drug.symptomatic epilepsy in this group (Table 1). Seizureswere under-
reported in 38 children (38/78, 48%) of which were partially
identiﬁed in 28 and missed in 10 children (Table 1). The potential
factors contributing seizure under-report included (a) an inability
to identify the seizure by parents despite their presence in the
room (n: 22), (b) the absence of a witness (parents were not
present or were unable to see the event; n: 17) and (c) no visible
behavioral changes on video recording at the time when an
electrographic seizure was observed (n: 9). Electrographic seizure
was reported when the rhythmic pattern of epileptiform activity
evolving in time and space despite no visible evidence of clinical
accompaniment and the duration of more than 10 s.6 Brief arousal
from sleep, behavioral arrest, change in facial expression or reports
of any clinical features such as numbness, tinglingwas classiﬁed as
‘‘seizure with subtle clinical features’’. In 10 children, more than
one factor contributed to the seizure under-report such as either
presence of no witness or subtle clinical features in 5, or the
presence of either no visible or subtle clinical features in other 5
children.
Paroxysmal events were reported in 27 children. In this group,
seizures and PE together were reported in 9, PE only in 18 children
(Table 1). The type of PE included staring spells, paroxysmal body
movements, eye deviation, limb jerk, axial dystonia, conversion
disorder, and complex arousal, vomiting, laughing spell, ‘‘weird
felling’’, chewing, sleep myoclonus. Only one child presented with
multiple types of PE.
Absence seizures were the seizure type least accurately
identiﬁed (only 14%) compared to myoclonic seizures (48%),
infantile spasms (57%) and complex/simple partial seizures (63%).
All atonic and generalized tonic seizures were correctly identiﬁed
by parents (Fig. 2a).
3.2.2. Group comparison based on the parent’s awareness
The group of the children whose seizures were accurately
reported (n: 22) was compared to the reminder of the children (n:
56) whose seizures were either under- or over-reported. The age of
seizure onset, chronological age, gender, free of AED treatment, or
symptomatic etiology did not inversely impact on the accuracy ofder-reported (n: 38) Over-reported (n: 18)
rtially reported (n: 28) Missed (n: 10)
.9  5.4 8.4  5.6 7.1  5.7
2 (20) 0
(39) 1 (10) 9 (50)
(28.5) 5 (50) 4 (22)
(32.1) 2 (20) 5 (27)
.3  4.2 3.9  4.0 2.5  3.6
(21.4) 2 (20) 3 (16.6)
(46.4) 3 (30) 0
(46.4) 2 (20) 3 (16.6)
(7.1) 2 (20) 5 (27)
(46.4) 3 (30) 10 (55.5)
(46.4) 3 (30) 0
(10.7) 3 (30) 3 (16.6)
(25) 2 (20) 0
(96) 10 (100) 18 (100)
(3.5) 0 0
Fig. 2. (a) Accuracy of seizure report according to each seizure type. Atonic and
generalized tonic–clonic seizures were identiﬁed most accurately which was
followed by tonic seizure. Absence seizure was the seizure type which was
identiﬁed with the most limited accuracy. (b) Accuracy of seizure reports based on
the length of EEG–video monitoring. Duration of EEG–video monitoring did not
impact the accurate identiﬁcation of seizures. The number of paroxysmal events as
well as missed seizures was reported during the ﬁrst 2 days of recording.
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identiﬁed in children with global developmental delay (36%) than
the one with normal development (23%), the difference did not
reach the signiﬁcance (p = 0.18) (Table 2). The seizures were
inaccurately reported in young children at pre-school age
(p = 0.01) and children diagnosed with absence seizures
(p = 0.03) (Table 2).
In controlled analyses whichwas adjusted for seizures [CPS and
IS], chronologic age, and symptomatic etiology; global develop-Table 2
Comparisons between the children based on the accuracy of seizure report.
Accurately reported (n: 22) Inac
Age, years (mean  S.D.) 9.3  6 7.6
Age groups, n (%)
Infancy 3 (60) 4 (
Pre-school age 2 (9) 21 (
School age 8 (32) 17 (
Adolescent 9 (37) 16 (
Seizure onset, years (mean  S.D.) 2.8  4.4 3.1
Normal development, n (%) 5 (23) 11 (
Global developmental delay, n (%) 8 (36) 16 (
AED free, n (%) 4 (20) 1 (
Epilepsy syndrome, n (%)
Symptomatic 18 (81) 26 (
Seizure type, n (%)
CPS 12 (43) 16 (
IS 3 (13) 9 (
Absence 0 (0) 9 (
CPS: complex partial seizure; IS: infantile spasm; AED: antiepileptic drug.mental delay was marginally associated (p = 0.06) with greater
accuracy of parent’s report with a 3.8-fold increase probability
(p = 0.06). Being free of AED treatment at the time of hospital
admission increased the probability 22-fold for accurate seizure
identiﬁcation (p = 0.02) (Table 2). Parent’s report based on the
clinical observation alone was found unreliable for the young
children (pre-school age children) (p = 0.01; Table 2).
The overall length ofmonitoringwas 2.81  2.9 (1–18days); less
than 2 days in 52 children and longer than 3 days in 26. The length of
EEG–video monitoring was correlated with chronological age. The
hospital stay was shorter (less than 2 days) in all infants, 87% of pre-
school age, 66% of the school age children and 50% of adolescents. The
signiﬁcant number of children with PE (13/18, 72%) also received the
accurate diagnosis during the ﬁrst 2 days ofmonitoring (Fig. 2b). Most
of the seizures and PE were captured within the ﬁrst 2 days of
monitoring. The comparison between the groups of children whose
seizures accurately (n: 22) and inaccurately (n: 56) identiﬁed, the
shorter hospital stay (2 days) did not affect the outcome of seizure
identiﬁcation (data not shown, p = 0.5).
4. Discussion
This study aimed to assess the accuracy of clinical report and
role of EEG–video monitoring to identify seizures in children
with epilepsy. Furthermore, we also sought to assess possible
predictive factors which may compromise the accuracy of the
parents’ reports describing seizure frequency. We found that
seizure reports by the parentsmay have limitations to estimate the
frequency, particularly in young children or children diagnosed
with absence seizures.
Although the environment provided during this study presents
an ideal setting that included a conﬁned space and close
interactions between the child and parents with limited distrac-
tions, the reports of seizures by parents was far from accurate. The
number of seizures was under-reported because of either the lack
of awareness of the subtle clinical features or no witness at the
time when seizure occurred. The sensitivity of seizures identiﬁca-
tion by parents was only 43.1%, with a positive predictive value of
76%. Seizures were mostly missed in children with absence
seizures followed by infantile spasms in the younger age group.
Although seizures were accurately reported in children with tonic,
tonic–clonic and atonic seizures, these seizuresmay also bemissed
when children remain unsupervised.7 It is interesting to note thatcurately reported (n: 56) p value unadjusted p value adjusted
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correctly identiﬁed because of her wearing of a bracelet with a
little bell attached. Therefore, every time the patient had a seizure
the family or caretaker could hear it. One might speculate that at
home – where the families are responsible not only for the child
with a disability, but also other daily activities such as household
chores and taking care of other children – parental report might be
even less accurate. Additionally, it is not uncommon to miss
nocturnal seizures. We also found that seizures were under-
reported in children despite of co-sleeping with a parent at the
time of monitoring. This observation is in keeping with the
literature shows seizure report by parents and caregivers has an
important role, but may have limited value in clinical practice.
Under-report of habitual seizures was reported in adults
diagnosed with epilepsy.3,8 In particular, the patients with history
of bilateral temporal lobe dysfunction, MRI abnormality and
epileptiform discharges involving both hemispheres are more
often unaware of seizures.2,9 It was also found that lack of seizure
awareness may reach up to 30% of adults with temporal lobe
epilepsy.1 Although older children enable to describe the clinical
features of seizures, most children can neither identify nor report
the seizures, especially those with developmental disabilities and
the one at younger ages. In addition to the limited expectation of
seizure self-report in children; subtle or, at times, complex clinical
features bring challenges for parents and physicians to identify
seizures more accurately. We found the incidence of seizure over-
report as 34.5% in this cohort, which was slightly higher than the
other reports from tertiary care centers which was found 24% by
Asano et al.10 and 21% by Kotagal et al.11 Asona et al. also examined
whether the duration of EEG–video monitoring would affect to
identify the seizures more effectively. The authors found that
longer the duration of EEG–videomonitoring, more likely to obtain
higher rate for successful seizure identiﬁcation in all age groups.10
On the contrary, Chen et al. reported that the prolonging the
duration of EEG–videomonitoring did not increase the success rate
of event capturing.12 In the present study, we also noted that the
length of EEG–video monitoring did not affect accurate seizure
identiﬁcation despite the fact that the majority of children had a
short hospital stay for monitoring (2 days). Although few more
seizures were reported when duration of monitoring was
extended, most of the seizures and PE were reported within the
ﬁrst 2 days of monitoring.
EEG–video monitoring is particularly an effective tool in the
clinical management of certain seizure types. Uncertainties and
inaccuracies are seen more often with complex partial, absence,
neonatal seizures, infantile spasms and other seizure types in
young age.13 On the other hand, generalized tonic–clonic seizures
are rarelymissed.We also noted that the absence seizureswere the
seizure type reported more often inaccurately in addition to the
young age group. The difﬁculty in recognizing absence seizures is
not uncommon. Bare et al. reported that absence seizures were
identiﬁed less accurately compared to the other seizure types in
Lennox–Gastaut syndrome including tonic, atonic and tonic–clonic
seizures.7 The authors also raised the question whether the
reliability and accuracy of parental reports to estimate the seizure
frequency in pediatric age group with this epilepsy syndrome for
epidemiological studies or studies for investigational drug treat-
ment at outpatient setting. This observation underlies the
importance of EEG and video monitoring in association with
parents’ report for children diagnosed with Lennox–Gastaut
syndrome. We also noted that the parents of children with
signiﬁcant developmental delay and free of AED treatment
recognized and reported seizures accurately. This may be
explained by the parents’ previous experience, knowledge on
seizures and their vigilance for close observation for the existing
neurological disability as well as the diagnosis of epilepsy.There are number of limitations in this study because of its
retrospective nature. The detailinformation for the events which
were either under-reported or over-reported were not available
because of retrospective nature of the study. The clinical
information is particularly important for the seizures with subtle
no obvious clinical features on the video recording. Secondly,
stories and experiences of caregivers and parents of children with
epilepsy differ. The parent’s ethnicity, education and socio-
economic status have been found important to predict who would
report themedical problems in childrenwith epilepsy.14Moreover,
these difference most likely impact on parent’s behavior for
reporting seizures. Rodenburg et al. also reported that number of
stressors has an important role on parenting for children with
epilepsy. Child’s functional status, child temperament and parental
depression are important factors for parenting stress. The authors
found that existence of social support, connectedness in the family
and problem focus coping behavior lowers the parenting stress.
Parental perception of the child’s functional status was also
identiﬁed as an important predictor for more effective parent-
ing.15,16 Although Buelow and Shore reported that parents of
children with epilepsy and learning disability failed to identify the
problems and seizures, Rodenburg et al. found that the parent’s
understanding the functional status of the child would improve
parenting skills and lower the parenting stress for epilepsy.
Therefore recognition and report of seizures or other medical
problems would be more expected by parent’ acceptance of child’s
functional status and ours was the setting where it was performed.
Unfortunately, in this study we were unable to evaluate the
parenting stressors, parent’s perceptions of child’s functional
status and parent’s expectations for EEG–video monitoring of
which would have an impact on report of seizures and other
clinical events at home or at the time of hospital admission as well
as home settings. A prospective study will be more informative
with the inclusion of parents’ questionnaire for their under-
standing of epilepsy diagnosis and the indication for EEG–video
monitoring, moreover their expectation from hospital admission
and health care professionals.
The diagnosis of seizures and epilepsy can be straightforward in
many clinical situations. However, our study results underscore the
challenges inherent to thecareof childrenwithepilepsy,particularly
in younger age groups. The results of this study should not
underestimate the important role of caregivers and parents to
recognize and determine the seizure frequency. Physicians should
also obtain information from other resources such as including
school reports regarding child’s academicperformanceandbehavior
in the classroomand during the other extracurricular activities. This
approach will improve the inaccuracy of clinical reports for seizure
frequency and eliminate overuse or unnecessary dose adjustment
formedication.17–20Theaccuracyof the informationprovidedby the
patients, parents and other caregivers is also particularly important
for the results of epidemiological studies as well as the studies to
examine the efﬁcacy of AED treatments.
This study reinforces the invaluable role of collaborative effort
between the physicians, parents, classroom teachers and other
caregivers to improve the clinical outcome for children with
epilepsy. Continuing feedback between the parents and physicians
would be critical to rise above the challenges associated with
epilepsy. EEG–video monitoring would not be a diagnostic tool to
optimize themedical treatment if clinical observations and reports
are not incorporated. EEG–video monitoring at inpatient and
outpatient setting should be considered particularly for young
children and children with certain seizure types to enable the
assessment of seizure frequency accurately. We plan to perform
prospective studies to identify contributing factors for parents’
behavior and their parenting skills to improve the clinical care of
children with epilepsy.
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